Searching PAJ 



1/1 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2000-08281 2 

(43)Date of publication of application : 21.03.2000 



(SDIntCI. 



H01L 29/78 
H01L 21/336 



(21) Appiication number : 11-165686 

(22) Date of filing : 1 1 .06.1 999 



{71)Applicant 
(72)Inventor : 



DENSO CORP 

YAMAMOTO TAKESHI 
KOJIMA ATSUSHI 
NAKAMURA HIROKI 



(30)Priorrty 

Priority number : 10175051 Priority date : 22.06.1998 Priority country : JP 



(54) SIUCON CARBIDE SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 

(57)Abstract 

PROBLEM TO BE SOLVED: To make feasible of avoiding the fluctuation in the 
threshold value voltage also raising the surge resistance level as well as avoiding the 
defective punch through. 

SOLUTION: The regions 3b in no contact with a surFace channel layer 5 out of a base 
region 3 are formed of boron while forming the regions 3a in contact with the surFace 
channel layer 5 of aluminum. That is, if the regions 3a in contact with the surface 
channel layer 5 are formed of aluminum in low diffusion coefficient, the fluctuation in 
threshold value voltage due to the diffusion of B can be avoided. On the other hand, if 
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CLAIMS 

[Claim(s)] 



[Claim 1] In the predetermined field of the process which forms the semi-conductor layer (2) of the 1st conductivrty^pe which 
consists of silicon carbide [ **** ]. and the surface section of said semi-conductor layer the main front-face top ''^ _ 
conductor substrate (1) of the 1st conductivity type which consists of single crystal silicon carbide - this semi-conductor substrate 
_ high — The process which forms the 1st base region (3b) of the predetermined depth eontaming the 1st dopant of the 2nd 
conductivity type in the location estranged from this surface section. The process which forms .n the predetermmed field of the 
surface section of said semi-conductor layer the 2nd base region (3a) containing the 2nd dopant wrth a drffus.on coefficient smaHer 
than said 1st dopant of the 2nd conductivrty type which carries out termination in the surface section of f*'''/®'"'"'*®"**"''**^.'^^,^®^^^^ 
while lapping with said 1 st base region. While touching said surface channel layer to the predetermined field of the process which forms 
Jh^ surface channel layer (5) of the 2nd conductivrty type in the upper part of said 2nd base region, and the surface ««°^on <>f said 2nd 
base rion The process which forms the source field (4) of the 1st conductivity type shallower than the depth of -'l^lf^^/- 
The process which forms a gate electrode (8) through gate dielectric film (7) on said surface channel layer The "^^^.^^^''^^^^P'^^ 
of the silicon carbide semiconductor device characterized by having the process which f«»nns the source elertrode (10) °o"^« ^^^^ 
said base region and said source field, and the process which forms a drain electrode (1 1) in the rear-face s«ie of said semi-conductor 

[cfalJlilrThe manufacture approach of the silicon carbide semiconductor device according to claim 1 characterized Jj^^'^i^e the 
mask for forming the mask and said 2nd base region for forming said 1st base region serve a double purpose wrth ^^^^'^^J"^?^*^ 
[Claim 3] In the predetermined field of the process which forms the semi-conductor layer (2) of the 1 st_^nduct.vrty^pe which 
consists of silicon carbide [ **** ]. and the surface section of said semi-conductor layer the main front-face top of the semi- 
conductor substrate (1) of the 1st conductivity type which consists of single crystal silicon oart>ide - this semi-conductor substrate - 
_ high - The process which forms the 1 st base region (3b) of the predetermined depth containing the 1 st dopant of the 2nd 
conSuctivity type in the location estranged from this surface section. The process which forms the surface '^^^^^S) of^^^^^nd 

conductiviS Spe in the upper part of said semi-conductor layer. The process which forms in the predetermined field of the su^oe 
section of saSI semi-conductor layer the 2nd base region (3a) of the 2nd conductivity type containing the 2nd dopant wrth a d.mi^on 
coefficient smaller than said 1st dopant which touches a surface channel layer while lapping wrth said 1st base -^P**"; Jt*; _ 
which forms the source field (4) of the 1st conductivrty type shallower than the depth of said 1st base region ,n the P-'^f «^ 
of the surface section of said 2nd base region while touching said surface channel layer The process ^"^'^^ .^"^^f^^** 
through gate dielectric film (7) on said surface channel layer. The manufacture approach of the silicon carbide . 
characterized by having the process which forms the source electrode (10) in contact with said base region and said source field, and 
the process which forms a drain electrode (1 1 ) in the rear-faoe side of said semi-conductor substa-ate 

[Claim 4] In the predetermined field of the process which forms the semi-conductor layer (2) of the 1 st conductivrty type which 
consists of silicon carbide [ **** ]. and the surface section of said semi-conductor layer the mam fi^nt-face top of the semi- 
^nduSor substrate (1) of the 1st conductivity type which consists of single crystal silicon carbide - this semi-conductor substrate - 
. high - The process which forms the 1 st base region (3b) of the predetermined depth containing the 1 st dopant of the 2nd 
conductivrty type. The process which forms in the predetermined field of the surface section of said semi-conductor layer the 2nd 
base region (3a) which carries out termination in the surface section of said semi-conductor layer while lapping wrth sad 1st ^se 
region and contains the 2nd dopant wrth a diffusion coefficient smaller than said 1st dopant The process which forms the surface 
chan^;rrayer (1) of the 2nd conductivrty type in the upper part of said semi-conductor layer. The process which forms the source fieic 
(4) of the 1st conductivity type shallower than the depth of said 1st base region in the predetermined ^eld of the surface section of 
said 2nd base region white touching said surface channel layer. The process which forms a gate electrode (8) through gate dielectric 
film (7) on said surface channel layer. The process which forms the source etectrode (10) in contact wrth sa.d base region and said 
source field. At the process which is equipped with the process which forms a drain electrode (11). and forms said 1^ ^'B-on m 
the rear-faoe side of said semi-conductor substrate The manufacture approach of a silicon carbide semiconductor device that this 1st 
Tase re^n is characterized by rt being arranged at the lower part of a source field, and making rt not an-anged at the lower part of sai. 

Kl^m^ftrem'aln front-face top of the semi-conductor substrate (1) of the 1st conductivrty type which consjts of sin^e crystel 
silicon cart,ide - this semi-conductor substrate - high - wrth the process which forms the 1st semi-conductor layer (2) of the 1st 
conductivity type which consists of silicon carbide [ **** ] By penetrating said 2nd semi-conductor layer from the process [ which 
forms the 2nd semi-conductor layer (40) of the 2nd conductivity type conteining the 2nd dopant ], and front-face side of said semi- 
conductor substrate, and forming the slot (42) an-ived at at said 1st semi-conductor layer on this semi-conductor layer The process 
which forms the 2nd base region (3a) in said 2nd semi-conductor layer, and by canning out ep.tex.al e;owth of the 3rd semi-conducto, 
layer (43) of the 1st conductivrty type on the 2nd [ said ] semi-conductor layer including sa.d Mizouchi said Mizouchi - this -- wrth 
the process fill uped wrth the 3rd semi-conductor layer, and the process which can-ies out flattening ^^^^^V'"^*^"'*:;^ 
semi-conductor layer The process which forms in the predetermined field of the surface section of sa^ 2nd semi-conductor layer the 
1st base region (3b) of the 2nd conductivrty type conteining the 1st dopant with a bigger diffusion coefficient than the 2nd dopant 
which has the predetermined depth. The process which forms the surface channel layer (5) of the 2nd conductivrty type m the upper 
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part of said 2nd semi-conductor layer. The process which forms the source field (4) of the 1st conductivity type shallower than the 
depth of said 1st base region in the predetermined field of the surface section of said 2nd base region while touching said surface 
channel layer. The process which forms a gate electrode (8) through gate dielectric film (7) on said surface channel layer. The 
manufacture approach of the silicon carbide semiconductor device characterized by having the process which forms the source 
electrode (10) in contact with said base region and said source field, and the process which forms a drain electrode (1 1) in the rear- 
foce side of said semi-conductor substrate. 

[Claim 6] the main front-face top of the semi-conductor substrate (1) of the 1st conductivity type which consists of single crystal 
silicon carbide — this semi-conductor substrate — high — with the process which forms the 1 st semi-conductor layer (2) of the 1st 
conductivity type which consists of silicon carbide [ **** ] By the process which forms the 2nd semi-conductor layer (40) of the 2nd 
conductivity type containing the 2nd dopant on this semi-conductor layer, and carrying out an ion implantation to the predetermined 
field of said 2nd semi-conductor layer from the front face of said semi-conductor substrate While forming the 3rd semi-conductor 
layer (2b) of the 1st conductivity type which penetrates said 2nd semi-conductor layer and reaches said 1st semi-conductor layer The 
process which forms the 2nd base region (3a) in said 2nd semi-conductor layer. The process which forms in the predetermined field of 
the surface section of said 2nd semi-conductor layer the 1st base region (3b) of the 2nd conductivity type containing the 1st dopant 
with a bigger diffusion coefficient than the 2nd dopant which has the predetermined depth. The process which forms the surface 
channel layer (5) of the 2nd conductivity type in the upper part of said 2nd semi-conductor layer, The process which forms the source 
field (4) of the 1st conductivity type shallower than the depth of said 1st base region in the predetermined field of the surface section 
of said 2nd base region while touching said surface channel layer. The process which forms a gate electrode (8) through gate dielectric 
film (7) on said surface channel layer, The manufacture approach of the silicon carbide semiconductor device characterized by having 
the process which forms the source electrode (10) in contact with said base region and said source field, and the process which forms 
a drain electrode (11) in the rear-foce side of said semi-conductor substrate. 

[Claim 7] The manufacture approach of a silicon carbide semiconductor device according to claim 5 or 6 that this 1st base region is 
characterized by it being arranged at the lower part of a source field, and making rt not arranged at the lower part of said surface 

channel layer at the process which forms said 1st base region. 

[Claim 8] Claim 4 characterized by making the depth of said 1st base region deeper than the depth of said 2nd base region thru/or the 
manufacture approach of the semiconductor device any one publication of seven. 

[Claim 9] The manufacture approach of claim 4 characterized by estranging and forming said 1st base region from said surface channel 
layer thru/or the silicon carbide semiconductor device any one publication of eight 

[Claim 10] The manufacture approach of claim 4 characterized by making it the concentration of the 1st dopant which he is trying for 
said the 1st base region and said surface channel layer to touch, and is contained in said surface channel layer become lower than the 
concentration of the 1st conductivity-type impurity in a surface channel layer thru/or the silicon carbide semiconductor device any 
one publication of eight 

[Claim 11] The manufacture approach of claim 1 characterized by using aluminum (aluminum) as said 2nd dopant, using B (boron) as 
said 1 st dopant thru/or the silicon carbide semiconductor device any one publication of ten. 

[Claim 12] The semi-conductor substrate of the 1st conductivity type which has the rear face which are the main fi^ont face, and this 
main front face and an opposite side, and consists of silicon carbide (1). it forms on the main front face of said semi-conductor 
substrate — having — said semi-conductor substrate — high — with the semi-conductor layer (2) of the 1st conductivity type which 
consists of silicon carbide [ **** ] The base region of the 2nd conductivity type which is formed in the predetermined field of the 
surface section of said semi-conductor layer, and has the predetermined depth (3a. 3b), It is formed in the predetermined field of the 
surface section of said base region. The source field of the 1st conductivity type shallower than the depth of this base region (4). The 
surface channel layer of the 1st conductivity type which consists of silicon carbide formed so that the surface section and said semi- 
conductor layer of said base region might be connected (5), The gate electrode formed on the gate dielectric film (7) formed in the 
front face of said surface channel layer, and said gate dielectric film (8), It has the source electrode (10) formed so that said base 
region and said source field might be contacted, and the drain electrode (11) formed in the rear face of said semi-conductor substrate. 
Said base region It has the 1st base region (3b) containing the 1st dopant and the 2nd base region (3a) containing the 2nd dopant with 
a diffusion coefficient smaller than said 1st dopant The silicon carbide semiconductor device characterized by forming said 1st base 
region in the location estranged from said surface channel layer, 

[Claim 13] The semi-conductor substrate of the 1st conductivity type which has the rear face which are the main front face, and this 
main front face and an opposite side, and consists of silicon carbide (1), it forms on the main front face of said semi-conductor 
substrate — having — said semi-conductor substrate — high — with the semi-conductor layer (2) of the 1st conductivity type which 
consists of silicon carbide [ **** ] The base region of the 2nd conductivity type which is formed in the predetermined field of the 
surface section of said semi-conductor layer, and has the predetermined depth (3a, 3b). It is formed in the predetermined field of the 
surface section of said base region. The source field of the 1st conductivity type shallower than the depth of this base region (4), The 
surface channel layer of the 1st conductivity type which consists of silicon carbide formed so that the surface section and said semi- 
conductor layer of said base region might be connected (5), The gate electrode formed on the gate dielectric film (7) formed in the 
front face of said surface channel layer, and said gate dielectric film (8), It has the source electrode (10) formed so that said base 
region and said source field might be contacted, and the drain electrode (11) formed in the rear face of said semi-conductor substrate. 
Said base region It has the 1st base region (3b) containing the 1st dopant and the 2nd base region (3b) containing the 2nd dopant with 
a diffusion coefficient smaller than said 1st dopant The silicon carbide semiconductor device characterized by forming said 1st base 
region in the lower part of said source field, and not being formed in the lower part of said surface channel layer. 

[Claim 14] The silicon carbide semiconductor device according to claim 13 characterized by forming said 1st base region in the location 
estranged from said surface channel layer. 

[Claim 15] Claim 12 to which said 1st base region is characterized by the junction depth being deep rather than said 2nd base region 
thru/or the silicon carbide semiconductor device of any one publication of 14. 

[Claim 16] They are claim 12 which said 1st dopant is B (boron) and is characterized by said 2nd dopant being aluminum (aluminum) 
thru/or the silicon carbide semiconductor device of any one publication of 1 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to an insulated gate field effect transistor and the vertical mold power metah 
oxide semiconductor field efpect transistor especially for large power about the manufacture approach of a silicon carbide 
semiconductor device. 
[0002] 

[Description of the Prior Art] These people have applied for what raised channel mobility and reduced on resistance by Japanese 
Patent Application No. No, 259076 [ nine to ] in the planar mold MOSFET. 

[0003] This planar type MOSFET of sectional view is shown in drawing 12 . and the structure of the planar mold MOSFET is explained 
based on this drawing. 

[0004] n+ which consists of silicon carbide The mold semi-conductor substrate 1 sets a top face to main surface la. and is setting to 
real — face lb the inferior surface of tongue which is an opposite side on the front face of main. This n+ n which consists of silicon 
carbide which has dopant concentration lower than a substrate 1 on main surface la of the mold semi-conductor substrate 1 - The 
laminating of the mold epitaxial layer (the following, n - it is called a mold epilayer) 2 is carried out 

[0005] n- p which has the predetermined depth in the predetermined field in the surface section of the mold epilayer 2 - The mold 
base region 3 is formed. This p - The mold base region 3 is formed considering B (boron) or aluminum (aluminum) as a dopant 
Moreover, p - n+ shallower than this base region 3 in the predetermined field of the surface section of the mold base region 3 The mold 

source field 4 is formed. 

[0006] Furthermore, n+ The mold source field 4 and n - It is p so that the mold epilayer 2 may be connected. - In the surface section 
of the mold base region 3, it is n. - The mold SiC layer 5 is installed. This n - The mold SiC layer 5 is formed with epitaxial growth, and 
the crystal of an epitaxial film uses the thing of 4H. 6H, and 3C. In addition, this n - The mold SiC layer 5 functions as the channel 
formative layer at the time of actuation of a device. The following, n - The mold SiC layer 5 is called surface channel layer. 
[0007] N (nitrogen) is used for a dopant it is formed, and the dopant concentration is about [ 1x1015cm - three to 1x1 01 7cm - ] three 
low concentration, and the surface channel layer 5 is n. - The mold epilayer 2 and p - It has become below the dopant concentration of 
the mold base region 3. Thereby, low on resistance-ization is attained. 

[0008] The top face and n+ of the surface channel layer 5 Gate oxide 7 is formed in the top face of the mold source field 4 by thermal 
oxidation. Furthermore, the gate electrode 8 is formed on gate oxide 7. The gate electrode 8 is covered by the insulator layer 9. The 
LTO (Low Temperature Oxide) film is used as an insulator layer 9. On it. the source electrode 10 is formed and the source electrode 
10 is n+. The mold source field 4 and p - It is in contact with the mold base region 3. Moreover, n+ The drain electrode layer 11 is 
formed in rear-face lb of the mold semi-conductor substrate 1. 

[0009] Thus, since the constituted planar mold MOSFET operates in the are recording mode which carries out induction of the channel, 
without reversing the conductivity type of the channel formative layer, it can enlarge channel mobility compared with MOSFET of the 
reverse mode which reverses a conductivity type, and can reduce on resistance. 

[0010] Next, the production process of MOSFET shown in drawing 12 is explained based on drawing 13 - drawing 1 5 . 
[001 1] [Process shown in drawing 13 (a)] They are the n molds 4H or 6H or 3 C-SiC substrate, i.e., n+, first The mold semi-conductor 
substrate 1 is prepared. Here, it is n+. The thickness is 400 micrometers and main surface la of the mold semi-conductor substrate 1 
is Si (0001) side or the a-th (1 12-0) page. It is n with a thickness of 5 micrometers to main surface la of this substrate 1. - The mold 
epilayer 2 is grown epitaxially. At this example, it is n. - The same crystal as the substrate 1 of a substrate is obtained, and the mold 
epilayer 2 turns into the n molds 4H or 6H or 3 C-SiC layers. 

[0012] [Process shown in drawing 13 (b)] n - The LTO film 120 is arranged to the predetermined field on the mold epilayer 2, the ion 
implantation of B+ (or aluminum) is carried out by making this into a mask, and it is p. - The mold base region 3 is formed. Temperature 
is 700 degrees C and the dose is setting the ion notes entry condition at this time to lx1016cm-2. 

[0013] [Process shown in drawing 1 3 (c)] p after removing the LTO film 120 - n including the mold base region 3 - Epitaxial growth of 
the surface channel layer 5 is carried out by the chemical-vapor-deposition method (Chemical Vapor Deposition: CVD method) on the 
mold epilayer 2. 

[0014] [Process shown in drawing 14 (a)] The LTO film 121 is arranged to the predetermined field on the surface channel layer 5, the 
ion implantation of the n mold impurities, such as N (nitrogen), is carried out by making this into a mask, and it is n+. The mold source 
field 4 is formed. The ion notes entry condition at this time sets it as 700 degrees C. and the dose is set to 1x1015cm-2. 
[0015] [the process shown in drawing 14 (b)] — and the photoresist method after removing the LTO film 121 — using — the 
predetermined field on the surface channel layer 5 — the LTO film 122 — arranging — this — a mask — carrying out — RIE — p- 
Etching removal of the surface channel layer 5 on the mold base region 3 Is carried out partially. 

[0016] [Process shown in drawing 15 (a)] After removing the LTO film 122, gate oxide 7 Is formed on a substrate by wet oxidation (the 
pie ROJIE nick method by H2+02 is included). At this time, ambient temperature may be 1080 degrees C. 

[0017] Then, the gate electrode 8 which consists of polish recon is deposited by LPCVD on gate dielectric film 7. Membrane formation 
temperature at this time is made into 600 degrees C. 
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eoois] [Process sHo.n in (b)3 THe '^^^^^^J.^^^^^^^ 

dielectric film 7 is formed, and it is a wrap about gate dielectric film 7. In more detail, memoranc 

[S^iL.) to b. Solvd b, Inv.n««nl By .ppn<»«o„ of the abov.-™n«.n,- point it i. p. - U.in. B »<l aluminum » .h».. .. . 
dopant for forming the mold base region 3. 4. r d thp r*.lation of a orofile which are shown in drawing 

[0022] However, as it is expressed with the heat ^^^^^'^^^^^P^''^^^^^ .^/"^ surface Thannel layer 5 at the time of heat treatment 
16 . when B is used as a dopant Since it is easy to drffuse B. B '^^^^T^^ ^^^/^^^^^ surface channel layer 5. The 

difference high is generated. . i ^\r^r^c. +-hp rate of activation is low. B is the source field 4 

becomes easy to break out. er*lx#«H fiince the ranee of an ion implantation becomes short 

::rn:t betade deep, but th problem that a P^-^^-t^^-^f^^^-^^^/r^lt^fas^^^^ 1st purpose to offer the silicon 

^Moreover, it sets as the 2nd purpose to offer a silicon carbide semiconductor device w^ a high surge tolerated dose, and .ts 
[S2^?:S;^m'oTLets as the 3rd purpose to offer the silicon cari.ide semiconductor device which can prevent generating of a 
punch-through, and its manufacture approach. 

002S) In -.nvontton .ocordinf .= ol.im 1. « '•I' ^ 'T'^^'^'^f^^Z^^ Irtl^n. rf U.. 2nd oonduc«.»y W in tt.o 
p™»~« -hioh fo™- *• »•=• »> ■>< r-J?^™.Xt^^ prop... which fcnn. In *. 

location ort^ngod from tt.. iron. (oo. of ""r^™^""!"' * ^78^1" r o^on (W oSnKlnin, 2nd dcppn. .ift . 

s^^:ro'"^oi?i?n^.t.™Trd:^^^^ - — - - " • 

forming the 1st base region serve a double purpose with the ^"""^l/^^^,^.^^^ d^3i_„ ^hich expected the mask gap by making 

rd'^ror.s^t."i~^."rd«£irrh;r^^^^ .^.^ .*i,. ^p.. ^ 

t0034] Thus. af.or forminj . surfaco oh.nn.i loy.r. .h. 2nd J~ J"! 'TJ'ti^ 2„j ^ao. r.gion (3a) oonBlnin. th. 

s?3T?ht*;r2%d"hr:rw':r<:?^:h^^^^^^^^^^ 

small, and a surge tolerated dose can be raised. r ai ^ «f 9nd conductivitv type which contains the 2nd dopant on a 

[0037] The process which forms the 2nd 5 ^firming Se slot (42) S^e^trates the 2nd semi-conductor layer 

semi-conductor layer (2) in inverrtion according to clam, 5. J^l^""/. Jl* ^'^^^^ ,3yer The process which forms the 2nd 

from the front-face side of a semi-conductor T^J^^^^^ layer (43) of the 1 st 

base region (3a) in the 2nd semi-conductor layer, and tj*^^'^^^ ,,rth the process fill uped wrth the 3rd semi- 

conductivity type on the 2nd semi-conductor layer mclud.ng M'^uc^l^' M'^0"C^^ th« semi-conductor layer It is characterized by 
conductor layer, and the process which carries -"^^/^^-J the 1st base region 

having the process which forms in the P^^^^^'-^^J^^'^^^f/^^Sf ^"b^^^^^ dSu^^on coefficient than the 2nd dopant which has the 
(3b) of the 2nd conductivity type containing the 1st dopant with a bigger aitrusion o 

predetermined depth. ^ , i + :„ 4.u:„ 9„rf «=emi-conductor layer after forming the 2nd semi-conductor 

[0038] Thus, if the 2nd base region is f^^,^'*,^^^ ^-^'"^^/'^^^^^^ on an ion implantation, even the 

layer of the 2nd conductivity type, since the 1 st be made deep. Thereby, a punch-through 

'-r.:':':j:^t:zT.z:^^^^^^ ---- ™ 
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contact section lower part is attained in the 1st deep base region, and it can do with the structure of being hard to operate a 
parasitism transistor, by making breakdown start at this pars basilaris ossis occipitalis. Therefore, a surge tolerated dose can be raised. 

[0039] Moreover, as shown in claim 6, while forming the 3rd semr-conductor layer (2b) of the 1st conductivity type which penetrates 
the 2nd semt-conductor layer and reaches the 1st semi-conductor layer by carrying out an ion implantation to the predetermined field 
of the 2nd semi-conductor layer from the front face of a semi-conductor substrate, you may make it form the 2nd base region (3a) in 
the 2nd semi-conductor layer. 

[0040] Thus, by forming the 3rd semi-conductor layer by the ion implantation, the slot formation process shown in claim 5, a slot 
embedding process, and the process which carries out flattening of the irregularity on the front face of a semi-conductor can be 
abolished, and a manufacture process can be simplified. In addition, a property equivalent to the device formed also in this case by the 
manufacture approach shown in claim 5 is expectable. 

[0041] In addition, if the 1st base region which contains the 1st dopant in the lower part of a surface channel layer is made not to be 
forn^ed as shown in claim 7, diffusion of the 1st dopant to a surface channel layer can be prevented. 

[0042] In invention according to claim 8. it is characterized by making the depth of the 1st base region deeper than the depth of the 
2nd base region. 

[0043] Thus, generating of a punch-through can be prevented by making it the 1st base region containing the 1st dopant with a big 
diffusion coefficient become deeper than the 2nd base region. Furthermore, avalanche breakdown can be made easy to carry out in this 
part, since it can do deeply partially in the location where the 2nd base region was formed in the case of claim 4 or claim 6. 
[0044] It is characterized by estranging and forming the 1st base region from a surface channel layer in invention according to claim 9. 
[0045] Thus, if the 1st base region is made to estrange from a surface channel layer and is formed, diffusion of the 1st dopant to a 
surface channel layer can be prevented more. 

[0046] In invention according to claim 1 0, it is characterized by making it the concentration of the 1 st dopant which he is trying for the 
1st base region and surface channel layer to touch, and is contained in a surface channel layer become lower than the concentration of 

the 1st conductivity-type impurity In a surface channel layer. 

[0047] If It Is made for the concentration of the 1st dopant contained in a surface channel layer to become lower than the 
concentration of the 1st conductivity-type Impurity in a surface channel layer when the 1st base region and surface channel layer 
touch, the conductivity type of a surface channel layer can be prevented from being reversed. 

[0048] As shown in claim 11, specifically, aluminum (aluminum) can be used as the 2nd dopant, using B (boron) as the 1st dopant 
[0049] In invention according to claim 12, it is characterized by forming the base region in the location which has the 1st base region 
(3b) containing the 1st dopant and the 2nd base region (3a) containing the 2nd dopant with a diffusion coefficient smaller than the 1st 
dopant, and the 1st base region estranged from the surface channel layer. 

[0050] Thus, It can consider as a silicon carbide semiconductor device without fluctuation of the threshold electrical potential 
difference by diffusion of the 1st dopant by forming the 1st base region in the location estranged from the surface channel layer. 
[0051] In invention according to claim 13, it has the 1st base region containing the 1st dopant, and the 2nd base region containing the 
2nd dopant with a diffusion coefficient smaller than the 1st dopant, the 1st base region is formed in the lower part of a source field, and 
the base region is characterized by not being formed In the lower part of a surface channel layer. 

[0052] Thus, by forming the 1 st base region in the lower part of a source field, a surge tolerated dose can be made high and fluctuation 
of the threshold electrical potential difference by diffusion of the 1st dopant can be lost by not being formed in the lower part of a 
surface channel layer. 

[0053] if the 1st base region is formed in the location estranged from the surface channel layer as shown in claim 14, lose fluctuation 
of a threshold electrical potential difference more — 

[0054] In invention according to claim 15, the 1st base region is characterized by the junction depth being deep rather than the 2nd 

base region. 

[0055] Thus, generating of a punch-through can be controlled by making the 2nd base region deep. 

[0056] As shown in claim 16, the 1st dopant is B (boron) and, specifically, the 2nd dopant can consist of aluminum (aluminum). 
[0057] 

[Embodiment of the Invention] Hereafter, the operation gestalt which shows this invention in drawing is explained. 

[0058] (The 1st operation gestalt) The sectional view of n channel type planar mold MOSFET of the no MARIOFU mold in the gestalt of 
this operation (vertical mold power metal-oxide semiconductor field effect transistor) is shown in drawing 1 . When this device is 
applied to the rectifier of an Inverter or the AC dynamo for cars, it is suitable. 

[0059] Based on drawing 1 . the structure of vertical mold power metal-oxide semiconductor field effect transistor Is explained. 
However, since the vertical mold power metal-oxide semiconductor field effect transistor in this operation gestalt has the almost same 
structure as MOSFET shown in drawing 1 1 mentioned above, it explains only a different part In addition, the same sign Is attached 
about the same part as MOSFET shown In drawing 1 1 among the vertical mold power metal-oxide semiconductor field effect transistor 
in this operation gestalt 

[0060] In MOSFET shown in drawing 1 1 , although p mold base region 3 was formed using one kind of dopant, with this operation 
gestat it forms using two kinds of dopants. 

[0061] p mold base region 3 is p In which aluminum as the 1st dopant was doped and formed. - p+ in which field 3a of a mold and B as 

a dopant were doped and formed It consists of field 3b of a mold. Field 3a Is in contact with the surface channel layer 5. and the 

junction depth is shallow. Field 3b is estranged and formed from the surface channel layer 5, and the junction depth is deep. 

[0062] That is, while forming field 3a with the junction depth shallow among p mold base regions 3 with aluminum with a small diffusion 

coefficient and enabling it to control the diffusion to the surface channel layer 5 of B. field 3b with the deep junction depth is formed 

by B, range is lengthened, and it becomes possible to form B in the lower part of the source field 4 with small aluminum of activation 

energy. 

[0063] Thereby, prevention of fluctuation of the threshold electrical potential difference by diffusion of B to the surface channel layer 
5, punch-through generating by the junction depth becoming shallow, and surge destruction Is achieved. 
[0064] In addition, the junction depth of p mold base region 3 is equivalent to MOSFET shown in drawing 1 1 . 

[0065] Next, the production process of the vertical mold power metal-oxide semiconductor field effect transistor shown In drawing 1 is 
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explained based on dr^ (a) - (d). However, about the sa.e process as -P«-^- ^^^^^ 
t rSne to ]) of the above-mentioned point explanation t'^'^^JZt.^JZZ-^^^^ 
corresponds to the left half of the sectional view of vertical mold power metal oxide semioonouot 

S^rst as shown in drawin. 1 2 (a), it is n on the semi-conductor substrate 1. - After formin. the mold epilayer 2. p mold base 

ES"] [ProceTshown in d,^ (a)] First the photoresist method is used and it is . - JJ^^ ^TO film 21^^ formed to *e ^ 
p^Bdeiarmined field on the mold epilayer 2. and the ion implantation of the B ^^^^^^^ heat treatment 

Soes not diffuse in the surface channel layer 5 by heat treatment at the ^^^^^ '"^^."^^^^^^^ a back process at 

(activation annealing of impurities, such as B. aluminura and N) and ^^"^f^ ^^^^^^^'^^^^^^ IZIZI three or less 

r^xi^^som !3rcj!e::r v^^^^^^^^^^ ' ~ - ' '^^ 

S?68] Then. B is activated by heat treatment Thereby. . is n. - Field 3b into which B Po-d j^^^^^^ the location estranged 
lorn the sur^face channel layer 5 formed, the inside [front face ]. - ^.^^^^^^^^^^^^^^^^ ::^l oLme, compared w^ the 

[0069] Thus, since the part with the junction depth deep among p mold base '^^I'^^lll^l^^^ de part with the junction depth 
case where it forms with aluminum, the junction depth can be easily made •^^^P-^"^^^*:.^^ energy can be 

deep among p mold base regions 3 is formed by B compared wrth ^^-j-.^ .^^^^^^^ pinch rector 

made small, and the rate of activation can be made high. For this reason. n+ The mold source field 1 ana n 

and. specifically, the dose is set to 1x1014cm-2 u * „ - -i..mmum is ooured into the location which touches the 

of the mold epilayer 2 that is.. . ^ a « f ^..r^hina the surface channel layer 5 directly by forming a part with * 

.'i^.^.i^rrnX^ — - — 

p mold b«. rwon> 3 wi* .lumin.m while b.,nj M. to °/„°„J° ^ j'„=t«>» J.«h 

for™ by B with . I»« Mon corffiol.nt thrt « .. « »ry ■^""'''^^^^jl'^'J'^,^^^^ ^ .l,nnin»n 

K'?h:'rSl^.n.r.ti„, o, th, p^nch-th^u j by th. ^notion "'^"^f^'^, :.tbri^ ZT. "~ °L 

made high. , , ^ _ • ^ ^ * ^.u^ r^^r^^^nr«»c<:ijre desiern which expected the mask gap by using 

- On the mold epilayer 2. high impurity concentration carries out three or less l ixiuioom j, 

growth of the surface channel layer 5 0.3 microrneters or less. transistor as a no MARIOFU mold at this time, he is 

5o77] in order to use vertical mold J!;";;'""^^^^^^^^ spreads the thickness (thickness) of 

trying to become smaller than the sum of the amount «'?"8at.on of the dep^^^^^^ in,pressing the electrical potential 

^"^roThTt^'s^rii^'^re^^^^^^^^^^ 

bt 3;Lt™^:it:.^.ti;r^o^r » — « ^ - - 

W'.T] l':d*Lr.1.ir,Sret:t;fca, pofnti,, di«.,.no. o.. b. .^.r. ^«ly u~d by ™ki„. hi|,h hi* i™uH*, oon..*^ of p 
S'sa Mt™Jj". 'itho.* v«tio., moid powor ™t.,-.xid, ....ioonductor fi.id .Boot t™n,i«or i. ^nufoturod with .il.pn o^'id. 

, • u- .... 2006/06/2: 
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with this operation gestalt if it is going to manufacture this using silicon, since control of the diffusing capacity of the thermal difFusion 
at the tinne of forming the impurity layer of p mold base region 3 or surface channel layer 5 grade is difficult, it becomes difficult to 
manufecture MOSFET of the same no MARIO FU mold as the above-mentioned configuration. For this reason, compared with the case 
where silicon is used, vertical mold power metal-oxide semiconductor field effect transistor can be manufactured with a sufficient 
precision by using SiC like this operation gestalt. 

[0083] Moreover, in order to make it the vertical mold power metal-oxide semiconductor field effect transistor of a no MARIOFU mold, 
it is necessary to set up the thickness of the surface channel layer 5 but so that the above-mentioned conditions may be fulfilled, and 
since the built-in electrical potential difference is low when silicon is used, if thickness of the surface channel layer 5 must be made 
thin, or high impurity concentration must be made thin, it must form it and control of the diffusing capacity of impurity ion takes a 
difficult thing into consideration, it can be said that manufacture is very drfFicult. However, when SiC is used, a built-in electrical 
potential difference is as high as about 3 times of silicon, and since thickness of the surface channel layer 5 can be thickened, or high 
impurity concentration is made deep and can be formed, it can be said that it is easy to manufacture the are recording mold MOSFET 
of a no MARIOFU mold. 

[0084] And succeedingly, the LTD film 21 is arranged to the predetermined field on the surfece channel layer 5 using the photoresist 
method, the ion implantation of the n mold impurities, such as N (nitrogen), is carried out by making this into a mask, and it is n+. The 
mold source field 4 is formed. The ion notes entry condition at this time sets it as 700 degrees C, and the dose is set to 1x101 5cm-2. 
[0085] [Process shown in drawing 2 (d)] And after removing the LTO film 21, the LTO film 22 is arranged to the predetermined field on 
the surface channel layer 5 using the photoresist method, the ion implantation of the p mold impurity is carried out by making this into 
a mask, and a p type semiconductor is made to reverse partially the surface channel layer 5 on p mold base region 3. Thereby, the 
electrical installation of the source electrode 10 and p mold base region 3 which are formed at a back process becomes possible. 
[0086] Then, the vertical mold power metal-oxide semiconductor field effect transistor shown in drawing 1 is completed by giving the 
process shown in drawing 14 like previous application, forming the gate electrode 8 through gate oxide 7, and carrying out the source 
electrode 1 0 and the drain electrode 1 1 further. 

[0087] Next, an operation (actuation) of this vertical mold power metal-oxide semiconductor field effect transistor is explained. 
[0088] When Book MOSFET does not operate in the are recording mode of a no MARIOFU mold and it does not impress an electrical 
potential difference to the gate electrode 8, a carrier is formed into all-over-the-districts depletion in the surface channel layer 5 by 
the potential produced according to the difference of the electrostatic potential between p mold base region 3 and the surface channel 
layer 5, and the difference of the work function between the surface channel layer 5 and the gate electrode 8. And the difference of 
the work function between the surl^ce channel layer 5 and the gate electrode 8 and the potential difference produced by the sum of 
the applied vottage from the outside are changed by impressing an electrical potential difference to the gate electrode 8. The condition 
of a channel is controllable by this. 

[0089] That is. using the difference of the 1st - the 3rd work function, when the work function of the gate electrode 8 is made into the 
1st work function, the work function of p mold base region 3 is made into the 2nd work function and the work function of the surface 
channel layer 5 is made into the 3rd work function, the high impurity concentration and thickness of the 1st - the 3rd work function, 
and the surface channel layer 5 can be set up so that the carrier of n mold of the surface channel layer 5 may be depletion-ized. 
[0090] Moreover, in an OFF state, a depletion region is formed in the surface channel layer 5 of the electric field made with p mold 
base region 3 and the gate electrode 8. When forward bias is supplied from this condition to the gate electrode 8, it sets to the 
interface between gate dielectric film (Si02) 7 and the surface channel layer 5, and is n+. From the mold source field 4 to n - The 
channel field which extends to a mold drift region 2-way is formed, and it is switched to an ON state. At this time, an electron is n+. It 
goes via the surface channel layer 5 from the mold source field 4, and is n from the surface channel layer 5. - It flows to the mold 
epilayer 2. And n - An electron is n+ when the mold epilayer 2 (drift region) is arrived at. It flows perpendicularly to the mold semi- 
conductor substrate 1 (n+ drain). 

[0091] Thus, by impressing a forward electrical potential difference to the gate electrode 8, induction of the are recording mold channel 
is carried out to the surface channel layer 5, and a carrier flows between the source electrode 10 and the drain electrode 11. 
[0092] (The 2nd operation gestalt) With the 1st operation gestalt, after forming field 3a from which the junction depth serves as a 
shallow part among p mold base regions 3, the surface channel layer 5 is formed, but with this operation gestalt, after forming the 
surface channel layer 5, the case where field 3a is formed is shown. Drawing 3 (a) Based on - (d), the production process in this 
operation gestalt is explained. In addition, this drawing shows the part replaced with the production process shown in drawing 2 in the 
1st operation gestalt 

[0093] [Process shown in drawing 3 (a)] The process shown in drawing 2 (a) and the same process are performed first, and field 3b by 
which B was injected into the part with the deep junction depth among p mold base regions 3 in the ion implantation which used the 
LTO film 21 as the mask is formed. 

[0094] [Process shown in drawing 3 (b)] Next n after removing the LTO film 21 - On the mold epilayer 2, high impurity concentration 
carries out three or less [ 1x1 01 6cm - ], and thickness carries out epitaxial growth of the surface channel layer 5 0.3 micrometers or 
less. 

[0095] Then, the LTO film 24 is arranged to the predetermined field on the surface channel layer 5 using the photoresist method, the 
ion implantation of the n mold impurities, such as N (nitrogen), is carried out by making this into a mask, and it is n+ The mold source 
field 4 is formed. In addition, the ion notes entry condition at this; time supposes that it is the same as that of the 1 st operation gestalt. 

[0096] [Process shown in drawing 3 (c)] Succeedingly, after arranging the LTO film 25 to the predetermined field on the surface 
channel layer 5 using the photoresist method, the ion implantation of the aluminum is carried out by making this into a mask, and field 
3a is formed. Thereby, a part with the shallow junction depth is formed among p mold base regions 3. In addition, the ion notes entry 
condition of this supposes that it is the same as that of the 1 st operation gestalt. 

[0097] [Process shown in drawing 3 (d)] And after removing the LTO film 25, the LTO film 26 is arranged to the predetermined field on 
the surface channel layer 5 using the photoresist method, the ion implantation of the p mold impurity is carried out by making this into 
a mask, and a p type semiconductor is made to reverse partially the surface channel layer 5 on p mold base region 3. Thereby, the 
electrical installation of the source electrode 10 and p mold base region 3 which are formed at a back process becomes possible. 
[0098] Then, if the process shown in drawing 14 is given, the vertical mold power metal-oxide semiconductor field effect transistor in 



http://www4.ipdLncipLgojp/cgi-bin/tran.web_cgi.ejje 



2006/06/22 



6/> 

JP.2000-082812.A [DETAILED DESCRIPTION] 

this operation gestaft will be completed. Thus, after forming the ^-^l-^^'^'^^'r^J ^^^'^^^^^ operation gestalt ' 

SrsireXtLin" fr^stf XIS? -rte traV;Vrr:^o: ^^^l -^.e. pa. .om the 1. operaUon 

Si?0??hrstciSotl view of MOSFET in this operation gesta. is shown in dr^ . P mold base re^o" 3 h« fi^ ^b which formed 
2 rll^rt fieW 3a which formed aluminum as a dopant and B. and field 3« ^-^^^^^^f/.J^^^^^^^^^ is formed so that 

[0101] Held 33 is formed in the predetermined field containing the ^o^^^!^^^^- ^al^^Jhan^^^^^^^ only in 

conductor substrate 1 is short in this part ^ . ^. . _t u» „«,4«. w.ah ■& ie aasv to carry out avalanche 

[01 02] Therefore, it worths as a deep base layer and field strength in this part can be made high, rt is easy to carry oux 

breakdown of this field 3b, and it can become. , ._, _, ... „.H-i=.iK/ and is raisine the rate of activation rather than 

[01 03] In addition, although not shown by a diagram, field 3b overlaps field 3a partially, and is raising tne rate or 

the case where field 3B is formed independently. , . „u:„«h k»<..>I on drawine 5 and drawing6 . However, only 

[01 04] Next the production process of MOSFET constituted .n this way .s explained based on drawing ana orawi g 

a part different here firom the 1st operation gestalt is explained. predetermined field 

[01 05] [Process shown in drawing 5 (a)] n - After arranging the LTO film 31 on the mold ^Pj^^^.:^- °P \ ^ fi^ld 3b is 
S J LTO film 31 is carried out And the ion implantation of « J e" m ^^^^^^^ ** - ^ ^s oa^ying out 

Sioet.tnTwr^^^^^^^^^ 

b^dt^ji^o^wt^^^^^^^^^ 

r ifpTeverd. Thereby, fluctuation of a threshold electrical source field 4 and n - The 

[0108] Moreover, n* It is n. in order to '"^f J 'jf ^^3,%'7;3\rA gt^^^^^^^^^^^ be mad" higher than that of this. 

channel layer 5. . i Tn *:ir« 19 mold eoilaver 2 after carrying out opening of the 

[01 10] [Process shown in drawing 5 (c)] n - While arranging the LTO film 32 as a mask. At this 

^ .s-i ^ I Tn film - On the mold eoilaver 2, high impurity concentration carries 

[01 13] [Process shown in drawing 5 (d)] n after removing the LTO film 32 °" 5 ^.3 niicrometers or less. 

1st operation gestalt o . ^ • - i rn ^::im 'i'^ the LTO film 34 is arranged to the predetermined field on 

[01 1 5] [Process shown in drawing 6 (bfl And after --^^-j^ ^^'.f^^^l^ the p mold imparity fs carried out by making this into 

the surface channel layer 5 using the photoresist method. '^'''^"J^^^^^^^^^^^^^ ^y^, 5 ^p mold base region 3. Thereby, the 

a n^ask. and a p type semiconductor is made to reverse ^^^.^^ f^^^^^^^^^^ process becomes possible. 

^rf^:;::^ ^^^d^rs'^errr^^^^^^^^^ ~-r ... ....^..^or . 

Lng made not to be formed in the lower part of the surface f/^^^^^^^^^^^ can be made high, 

pinch resistor can be made small by making it formed between f « ^^.Id baTregion 3 in the 1st operation gestalt 

?hVirsr^:ti-n" ^^l^ ^r^::^:^^^ .-ft on. l d^re. pa. W the 1st operatic. 

lou£ tiiot, view of MOSFET in this opera^on ges^. is show In ^^^^ " ^'"^ ^^^^ 

as a dopant field 3a which formed aluminum as a dopant and B and field \c J"^^ ,3^^, 5 epitaxial growth etc. 

[0120] Field 3a is formed in the Predetermined field containing the bwer part o^^^^^^^^ and *e junction 

Field 3b is formed of the ion implantation so that the lower P-'^.^^V'l " form^^^^ tJe junctlonTepth is deep partially, and the 
t^t^e X^:r;arrern tld^^rsltco:?^^^^ fho-!:rinerefore. thl field 3b works es a deep bas- 

'[Tl Ti] Next the production process of MOSFET which has such structure is ^plained based on drawing - drawiO^JO . However, 
onl^ tie part from which the 1st operation gestalt and a production process drffer is explained. 

, . ^. ,^ . . .. 2006/06/2 
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[01 22] [Process shown In drawing 8 (a)] n - p which doped aluminum on the mold epilayer 2 - Epitaxial growth of the type layer 40 Is 
carried out. This p - The type layer 40 constitutes field 3a. Thus, by forming field 3a which makes aluminum a dopant with epitaxial 
growth, without being based on an ion implantation, when aluminum is used as a dopant, the junction depth can be substantially made 
deep for the thickness of p mold base region 3 thickly that is.. 

[01 23] [Process shown in drawing 8 (b)] The photoresist method is used and it Is p. - The ITO film 41 is arranged to the predetermined 
field on the type layer 40. and It etches by making this into a mask. Thereby, it Is p. - The type layer 40 is penetrated and it is n. - The 
slot 42 attained to the mold epilayer 2 is formed. 

[01 24] [Process shown in drawing 8 (c)] Next, p including the inside of a slot 42 - It is n to the whole top-face surface of the type 
layer 40. - Epitaxial growth of the type layer 43 is carried out. Thereby, the inside of a slot 42 is n. - It is buried with the type layer 43. 
[01 25] [Process shown in drawing 8 (d)] p - Surface polish is performed until the type layer 40 is exposed, and flattening of the 
substrate ft-ont face is carried out Thereby, it Is n. - n which works as a drift region with the mold epilayer 2 - Mold epilayer 2a is 
formed. 

[01 26] [Process shown in drawing 9 (a)] n - After arranging the LTO film 44 on the mold epilayer 2. opening of the predetermined field 
of the LTO film 44 is carried out, and the ion implantation of the B is carried out by making this into a mask. The conditions of the ion 
innplantation at this time suppose that it is the same as that of the 1st operation gestalt. 

[01 27] At this time, as it sees from a substrate front face and the surface channel layer 5 in which a part for opening of the LTO film 
42 is formed at a back process is not overlapped. B is made not to be injected into the lower part of the surface channel layer 5. 
[0128] [Process shown in drawing 9 (b)] Activation annealing is performed and B ion in field 3b is activated. Thereby, the junction depth 
of field 3b becomes deep. In order not to inject B Into the lower part of the surface channel layer 5 at this time, even if B poured into 
field 3b is spread, the diffusion to the surface channel layer 5 can be prevented. Thereby, fluctuation of a threshold electrical potential 
difference can be prevented. 

[01 29] Moreover, like the 3rd operation gestalt. the junction depth of field 3b can be enlarged more, and it can work as a deep base 
layer. 

[01 30] [Process shown in drawing 9 (c)] n after removing the LTO film 44 - On the mold epilayer 2, high impurity concentration carries 
out three or less [ 1x1 01 6cm - ], and thickness carries out epitaxial growth of the surface channel layer 5 0.3 micrometers or less. Also 
in heat treatment in this epitaxial growth, since B is made not to be Injected into the lower part of the surface channel layer 5, diffusion 
of B to the surface channel layer 5 can be prevented. 

[01 31] [Process shown in drawing 10 (a)] The LTO film 45 is arranged to the predetermined field on the surface channel layer 5 using 
the photoresist method, the ion implantation of the n mold impurities, such as N (nitrogen), is carried out by making this into a mask, 
and n-f- mold source field 4 is formed. The ion notes entry condition at this time is the same as that of the 1st operation gestalt 
[01 32] [Process shown in drawing 10 (b)] And after removing the LTO film 45, the LTO film 46 is arranged to the predetermined field 
on the surface channel layer 5 using the photoresist method, the ion implantation of the p mold impurity is carried out by making this 
into a mask, and a p type semiconductor is made to reverse partially the surface channel layer 5 on p mold base region 3. Thereby, the 
electrical installation of the source electrode 10 and p mold base region 3 which are formed at a back process becomes possible. 
[0133] Then, if the process shown in drawing 14 is given, the vertical mold power metal-oxide semiconductor field effect transistor in 
this operation gestalt will be completed. 

[01 34] Thus, when field 3a which makes aluminum a dopant is formed with the epitaxial growth which is not an ion implantation, the 
substantial junction depth of p mold base region 3 can be easily made deep. The same effectiveness as the 3rd operation gestalt is not 
only acquired by this, but even If it uses aluminum as a dopant it can prevent generating of a punch-through easily. 
[01 35] (The 5th operation gestalt) This operation gestalt changes the production process of n-mold epilayer 2a in the 4th operation 
gestalt Therefore, only a different part from the 4th operation gestalt is explained. 

[01 36] [Process shown in drawing 1 1 (a)] p which gives the process shown in drawing 8 (a) in the 4th operation gestalt and the same 
process, and constitutes field 3a - Epitaxial growth of the type layer 40 is carried out 

[0137] [Process shown in drawing 1 1 (b)] Next the LTO film 51 is formed, photo etching performs patterning, the ion implantation of 
the n mold impurities, such as N and P. is carried out by making this into a mask, and n mold ion-implantation layer 51 is formed. 
[01 38] [Process shown in drawing 1 1 (c)] Then, the LTO film 51 used as a mask on the occasion of an ion implantation is removed, 
heat-of-activatlon processing of the impurity poured in at the 1 400-1 500-degree 0 elevated temperature Is performed, in the part into 
which n mold Ion was iruected. the conductivity type of p mold base region 3 is reversed, and n- type layer 2b is formed. 
[01 39] After this, MOSFET which has the same configuration as the 4th operation gestalt is completed through the process shown in 
the process shown in drawing 9 (a) - (c) like the 4th operation gestalt drawing 10 (a), and (b). 

[0140] Thus, the process, n which form the slot 42 needed with the 4th operation gestalt since n- type layer 2b is formed by the ion 
implantation - The process for which many advanced techniques, such as a process to which epitaxial growth of the type layer 43 is 
carried out and a process to which flattening of the n- type layer 43 is carried out are needed can be skipped. Thereby, device 
formation can be simplified 



[Translation done.] 
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DESCFOPTION OF DRAWINGS 



[Brief Description of the Drawings] , ,. • 

rorawing 1] It is the sectional view showing the planar mold power metal-oxide semiconductor field effect transistor in the ist 

fDrawTnT2y h?i^drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor 

rDr^ingaT isVrawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor in 

the 2nd operation gestalt. ^ ix j. • 4. • 4.u i-^j 

rPrawing 4] h is the sectional view showing the planar mold power metal-oxide semiconductor field effect transistor in the Jra 

rPraS'sy iffs'^drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor 

[D^ing 6]T is^drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor 

fpraSTll fei^awing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor in 

^^ISft^is dr^wi^^showingthe production process of the planar mold power metal-oxide semiconductor field effect transistor 

rowing Sr iTis'drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor 

fprawing 10]^ :"^ drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor 

fprtwing 1 1]T is drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor in 

fDrawing^2]' 'ft'is thet^tional view showing the planar mold power metal-oxide semiconductor field effect transistor for which this 

invention persons applied previously. ^ , . . • j _x , *:.w +«,neictnr 

rPrawing13] It is drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor 

rPrrwing 14] T is drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor 

fpra^ng 1 5]T is drawing showing the production process of the planar mold power metal-oxide semiconductor field effect transistor 

following drawing 1 4 . .... ^ ^- i o /•u ^ 

rOrawinglS] It is drawing showing the profile of the diffusion depth and high impurity concentration of B (boronj. 

[Description of Notations] c/ a ^i^^t^^A^ a / An 

1 _ n+ The semi-conductor substrate of a mold. 2 - n - A mold epilayer. 3 [ A mold source field 5 / - A gate electrode 9 / An 
insulator layer. 1 0 / - A source electrode, 11/- Drain electrode. / - A surface channel layer 7 — Gate dielectnc film. 8 J p 
mold base region, the field where 3 a— aluminum was poured in. the field where 3 b— B was poured in, 4 — n+ 



[Translation done.] 
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[0 05 2] coir^cc, mi<o^-:^mmt^v-:^m 
r^ct:^^x'^. mm^ ^-^f^^moT^cBf^^ tixi.^ 

[0 05 3] n^mi 4^c^'rJ:9Cc. miO-^-;^^! 

[0 05 4] m>m 1 5 {CfBt!^0|feB^CC:fel^Tti. M 1 

tj:'yXi,^^Ct^^mtLXK^^. 
[0 05 5 ] co^^cc. ^2 :^^.i^^??.<r^ 

[0 05 6] M^Wmat. ii^Ji 1 6 i^yrs'TJ:'? (rC. m 

[0 05 7 ] 

[0 05 8] (mimmm)mi(iC. ^^moj^mi^c 

OSFET (^f^M^^•C7-MOSFET) O^rffiia^^ 

\^^=^y T -i^^^cmm-^^tBW^i^^cDX^^. 

[ 0 0 5 9 ] la 1 ^cm^i^^xmw^v -uo s f e tcd 

m^^-:>^^Ximr^. IIU. *llJ5SffJ^.^C:|6^C:f^^S 40 

•7-MOS FET09^. mi l^^TMOSFETi 
[ 0 0 6 0 ] HI 1 1 CC^TMO S F E TXkt. p SS-^- 

[0 0 6 1 ] pM-^->^$Ii|)(.3ti. ^l(DF-^<>hi 50 



!($ia2 0 00-8 2 8 1 2 
12 

3 a F-^^•> F i UrcDB;^)^ F- 1:'> ^'^nrj^fS 

^tifcp* M(Dmm3h:^^hmfiz^tix[.^ho mm3a 
^t. mm^^^)vmbtmLx:^^. m^mif)m<^ 

-^ri^'^o mi^3h\t. mm^^^^)im5t^iomsbx 
Bf&^tix^K^. m^m^i)^'m<tir>x{.^^. 
[0 0 6 2] pm-^-y^m^^scD^i^. m^^M 

mc. m^m^(0'm^mm3h^BxBfSuoxmi^& 

[0 0 6 3 ] cntCcfcf]. *ra^i'^^t'^5-^(7)B<?:)l£ 

[0 0 64] fX^. p ^-<-;^SMi|!^3 it. M 

1 HC^-TMOSF ETi[Dll|<i:}:£oTi:^'5>, 

[0 0 6 5 ]:;^OC. mi^c9fkrmm^<0-M0SFEl 
©SSSXfi?:. ^2 (a) - (d) 0C«-5iiTliiB^'r 
^0 fIL. ±iB L:fc5fe<3[)tBM (#®^9 - 2 5 9 0 7 6 

tmw.(DJim^cr)i^x{tm I z-^mi 4^#bsut 
MO s F E T(ommm<D^^mcm^-r^o 

[0066] ^12 (a) ^^Tcfc^^. 

:5^^i|c3^ffJfi8;T^>o 

[0 0 6 7 ] m2 (el) ccTTi-rxm:^ ^r. f u 
iy:^vm^mi^xn- mx^^'m2(D±(DmmmmfrCLT 
om2 1 ^f^mL. cn^-^j^k^ tLxB^>(:t>&x 
r^. c<Dt^. B^D^Aai^A^ mjirnxm^ti^m 

dm (B. A 1 , Nn<DT-P&^<Dr&±itT:^-)l) -^^ 

B:?>5*H^ 1-^01^115 CcffitStb^C I ^U<» 

S£^UrioaM^i'^>;t'M5--cD$£t5LBJt)n X 1 c 

^4 00keV<b350keV<?:L/. F-XS^ 1 x 1 

0^*cm-^MSiLTl^>5. 

[0 0 6 8 ] ^CDta. ^^aiiCCjCor B^rSttft^-tf 
[0 06 9] C(7:)cfc^iC, piy-<^->^^i|g3cr)0^. 

A 1 xmfS.r^m^ttt^x. m^ms^^B^cm< t 

^?^$Ov^l:^sr>5>?:Br^ff^i^£Lrl^^/c:^56. A 1 xm& 
r^m^tit-<xm^itx.it^}i=¥-^^\^^<x^. rstt 

~ Mxb-112£OFe1CCfct:f^f>?-1£.tS?:(£<rt-2)o 
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[0 07 0] CS2 (b) CC^fX?i3 y^CC, *>^ — 
LTOR2 1 %vxd7<hL-CA 1 ^-^^^^A-r 

SUT&^^n- Mxb"B2CD^*ffils-caA$n^<i:^CCT 

.i:{*K)CCti, Jraiim)E^40 0keV. 2 5 0 ke 
V. ISOkeV, aOkeViL/. K-X«€: 1 x 1 
0'* cm'^iUrt^^o 

[0 07 1 ] j^Ji=&ifebt: A I ^^itm 

^„ cn^cJ:D. n- Mxb-M2CD^arli^S1-^J:9 
[0 0 7 2 ] COct^CC. pS^--;^^It|g3 05'^. S 

^g!l$<DSc^a5^^i£m^3&vh$i^A 1 rS^fiET^c 

[0 07 3] CCDJ:^tC. 02 (a) . (b ) ^^TX 

[0 0 7 4]Ser>T. ^Objl5-^<DB<DietSfCC 
[0 0 7 5 ] ^Cfc. A I c7:)'Y:t>aAffl-7;^^<t BCO-^' 

:**>aAffl-7:^^<bLT. n—oLTomzi^mv^h 

[0 0 7 6 ] m2 ( c) CCTj^TXflD LTOM2 1^ 
r^^L/cCD-^. A laABOaS^^On- Mxt'li2 
cD±^c:^$rB%iia5i>^ 1 x i o^** c m'^WT. Oi^J^i^O . 40 
3 n mWromM"^ ^OVH 5 ^ X f =^ i- $ 

[0 0 7 7 ] C(Dt^. m^^-^V -UOSY ^ y - 

mcowv^Mt. h®?fk®7;()^e>^®^^^;ni5tc 

[0 0 7 8] pm-^-:^-^v¥M3i)^ibmM^ 50 



[0 0 7 9 ] CCDJ:^2^cC-^-'^'J:t:7M^DJlSM^W-M 

mx' t i ^ j'cci^c^ i o -c . mmf)^MtlU\.^J;: 5 

[0 0 8 0 ] ^fc. H UCTSTJ^-^^tC. pM'-^-^^^Mis^ 

3». v-::^mmi 0 tmMLx\.>xmkimt^^x 
[0 0 8 1 ] t£^. P m^-MSM3 (o^f^m^^i'^ 

< -r ^ c ^ D b'^l' h >m!E^<J: < ftJfflr ^ 

[0 OS 2] ^fc. :^mMmmx\tmtiimicj:'oxm 
ttcj:o. iy^j::3iy^m^^tcm^ttt^xnmSi<m^ 

j^y-UOSFET^m^-r^Ctt^X^^. 
[0 0 8 3 ] ^/-c. y-—7^):tyM<om^^'^r?-MOS 

ct^mmti>t. ^m^c^tmwkx^^ti^^^. 
'v^j^ymommmuosFET^m^'r^cti)^^ 

Xi>i>tl^^^o 

[0 0 8 4]-^UT. m^^^. y ^ hbVy.V&:^^ 

\.^xmm ^ ^i^Ji 5 (D±<DWt^mm^c l t om 2 1 ^ 



15 

t^O-itl^&A^mt. 7 0 0-C. K-XS(S1X1 
[0 0 8 5 ] imZ (d) CC^TXS) -€-L/r. LTO 
1- )im 5 (0±.<0¥^%mt^ L T Offi 2 2 €:ieg L . C 

[0 0 8 6 ] cofi. :?cCDtBiiil^«lK:. m 1 
j?£L/. S6Ccy-;^m@l 0^ KU'Y>mffil 1 ^-r-^ 

[0 0 8 7 ] ;^6C. C(3[)«a^^^•'7-MOSFETCD^^ffl 
[0 0 8 8 ] ^MOSFET^ix'-vjjf^MOSa^ 

8 i <Dra<Df±*ffi!KcD^tc J: ID * D /t^ficc ct o r 

(S^^^fb^if^. c©ci{c<fcO. ^i-^oi/CDt^^ 
[0 08 9 ]-^*^. y-h^SSOtt^K^^mo 

^cm 1 3 (r>{±mm^ tmm'^-^^ jus 5 tz^^i^ffiigjig 

[0 090 ] :^>'tt«fC:feC>r. ffiS^^fi. p 

ey-f'S@8^>fifLrX(D/WTX5:«$&r€><t. ¥ 

hif^,mjll (S i O. ) 7 (ii^ffi^i-^r^U/iSiOrBlO 

X>:»iE>n- Mxb'li2CC^n^. ^hX. n- Sxfc-jl2 
[0 0 9 1 ] CCDcfcoCcy- h^SS^IEcDIiBE^EPM 



(9) i|$ia2 0 0 0 - 8 2 8 1 2 

15 

[0 0 9 2] {m2m:imm) m\mMBmx:\t. ps 
mms sL^jBJS.t^m-^^^s'T. ms (a) (d) 

[0 09 3] CaS (a) tC^I-Xg] 132 

(a) cc9fitxmtmm<0TM^m\ ltom2 

[0 0 9 4] (133 (b) ic^vTX!lD ^J^CC. LTOK 
2 1 ^^*L/cCD^. n- Mxfjl2(D±Cc:T^Ji$^39?Ug 
7!)^ X 1 0^^ cm-'fc(T. M;1:?!^0. 3umWTCDaffl 
^ •t' 5 ^ X h' ^5? ^ >> ^ # ^ „ 

20 [0 0 9 5 ] ^(D'ik. y^v i^i^:^ h&^m^^xmm9 

f ^ol/J15©±CDBiT^fIli{cLTOM2 4^iBai/. C 

n^vX^^iL-CN (SIS) ^(Dnm^n^^^tlyrt 

[0 09 6] CIE3 ( c) OC^-rxg] :7:r 
fCLTOIIi2 5^i5aL/c(D^. t:n^-7Xi7iLrA 

I ^-^^:t>aALrSiii?3 a^ff>^-r^o cnoccfcfp. 

p M-<- 3 CD ^ ^^-^m. ^ t^ax ^U^t'^fi^^^ 

[0 09 7] C^3 (d) CC^-rX^i] -E-Ur. LTO 
Ii2 5^|^iL/d^, y hffi^^c^T^M^^ 
+ :r^;UJ15©±CDBif5tMl|fitCLTOJK2 6€:iSMl/. C 
ti^v;^:J7<t LTpM^^Je?^^:^->aAb. pM^- 
^ ffiJDj 3 XO^S^ ^ ;H1 5 ^^^Kltc p 

40 [ 0 0 9 8 ] C OfS. 0 1 4 tC:JF-rXg*J!fg-l±«. 

[009 9 ] m^wmm:) ^mmmtw, i 

SEor. M0SFETc^i^.c^^t5mmife.ffJfi|i 
|5ltiT'*)^fca6, mi^SffJJgihM^r^gB^CD^IJEBjt 

[0100] 114^c$:^S6ff^^CC:teCt^MOS F ETCD 
50 KffiH^r^fo P§£-<-;^&I*S3(i. Al^K-^Oh 



17 



10 



20 



[0103] ^c*5. ^-C«^§nTl^3^ci:Ci;^>5^i|g3b« 

[0 10 5] C^5 (a) iC^-rXfi] n- Mxb-jl2 
C[)±^CLTOIl3 1 ^i5Mbfc(0^. LTOSi3 1CD^ 
^SltS^gia^it^o -eC-C. LT0M3 1 ^rvXiJ'i 

[0 1 0 6 ] Cc7)i^. »«^M:^^6^r. LTOIi3 

4 c7)TlH5fc B ;t>^aA $ ct ^ ^ I i ^ 0 
[0 107] mb (b) cc^Txm ^{t:T--;u 
aA$n/cB^:t>%r£tt^k-r^» cot^. 
mm ^ I' ^ 5 otsp^c b ^cj^sa ^ n/c$f>s 3 b 

# I ^fii^E oats ^ P^i-r ^ c i # 6 e 

[0 108] ^/c. MV-:^«iS4CDTg|5tCl3:B*5 

aA^n^J;OCcbri^^/cJ*. Mv-;^^IiiS4 

[0 10 9]^^^:^. CCDcfc^CC. aS^i-^^-'l^HSCDT 
gptceiJS 3 b $ n^j: t > cfc 0 ^: f fi-^^S® 5^ -f ;i/ 
B5-^CDB<Dt£fS(^l?5±-C^^/cJ5. MJiSSbin' m 
:c\::m2<Dmmt(OrSfS^m<U-oXi.^Xh^\.^i)K SI 

ii?.3 b ^mm^ ^ 5 ^^hmrsbxB^r^ ctx 

[0110] CUB ( c) CC^-rXIIJ n- Mxfc:'Ji2 



(10.) 5^^82 0 00 -8 2 8 1 2 
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C[)Ji{CLTOI«3 2?:iBgT^<2:*CC. LTOM3 20 

XAl^'<^ly&A'ti>o C<Ot^. n~ Mxfli2CD 
±ffi3>^em/ti#tC. LT0Ii3 2 6DSnSP^3&m*M 
l|{3 b^^t^At5i^ci:€)i:^tcUT. mumxW^f&t 
^ affi ^ 4^ 5 OT* ^> ^ > ^5iiA ^ n J: ^ 

[0111] tj:^. CCDt^o^-^ty^O^^umi 

mtmP3.tmmtLx\.^^. 
[0 1 1 2 ] cntccfco. A {t^&.x^tifcmM3 sL-f}^ 

^m^^^mi^u^'^^js^bxi^^. mm3a{t. n- ^ 

[0 113] [^5 (d) JC^-rX^D LT0Si3 2^ 
I^^L/cCD^. n- M:i^t:ll2cD±&c:^FS^1^37Sg^n X 
10"cm-'tiT. Bmti^O. 3 umi^Xr(O^M^^'^ 
;H1 5 ^ X f ^ ^^v' i± ^0 
[0114] [^6 ( a ) ic^TX^l H ut^;;^ h 

a^m^^xmm^ i> ^ ;ni 5 cD±(DB^s«iiiJ(tc l tom 

[0115] cue (b ) CC^TXfi) •eUT. LTO 
B3 3 ^miiLfc^^. :7* hUv^XhjS^ffll^-caiS^ 
I- iVil 5 ©±CDBFf ^MilcCC L T O JB 3 4 ^SBfi U . C 

n^-7>?.^iU-Cp^:T^*i6^^H':t>aAL. pM^- 

:^mM 3 ±(Dmm9- ^ ^ jvm 5 ^as^e^^c p M^^f*^ 
1 0 i p M-<-xM^3 tcomm^mmt^^mttj: 

[0116] COit. 131 4tc^n'rXS^1»ii«. 
[0 1 1 7 ] CtDJc^iC. B^ F-^^•> h <t-r^fSt|?3 

b ^ 5 OTa^^c t Jff^^ ^ n 0 ^ J: ^ -r 

^ctx'Liti^m^K(o^WimJ5±x^^t^t,c^ im 

[0118] (^4 *^]Sfe^$^.t3:ll 1 *MJfJ 

^CC 46H:r S P m-^- mm 3 <D«it^SM Ofci> <DX 5) 

[ 0 1 1 9 ] a 7 Cc:$:*JfeJ&^Ccfclt SMO S F E TO 
<LUTff$ffib/c^I1^3 a. B^ K-^^>^<i:OTff^;SL 
50 ^3 c^WLTl^^. 



40 
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[0 12 0) mmS Siitt. xt:-i5?+5> + ;U^g^tCJ:-:, 

T(DS[SXg(coi*ra8--ia 1 O^StcSiBBT-Bc fa 

[0122] ms ( a ) Cc^rx?!} n- Sx f |g 2 

CD±tC. A I ^ F-t:'>^'Lfcp- Mji4 O^xe^^ 

[0 12 3] C^8 (b) tC7r:-rXfi] *:7:t hbt>;^ h 

^a^m^^xp- mm4:0(D±com^mM(iC i Toii4 i 
^issL, cn^-^xi^iorxry^^^i'^^rtf cn 

tcj:«9. p- ^114 O^SilUn- Mxfji2 3S-CS-r 

[0 12 4] C08 (c) {C7jTfX^);X«:. j«4 2© 
P^^^t^p- ^/i4 0(?)±M^MCCn- M/i4 3^xt:* 

M®4 3'Ca^-So 30 
[0 12 5] (US (d) CC^-rXflJ p- §5114 0^« 

«< n- MxeM2 amm^tih. 
[0126] m9 (a) iC^TXflD n" Mx t'H 2 
<D±(^CLTOm4 4^mmLfc(0-t5>. LTO)!S4 4<Db^ 

10 127] C<Ot^. m^mMt^^^X. LT0M4 40 
2 (D5aPai^}^;&5ftXfi-e?15/S5 ti S^ffi^ + -toUli 5 <i: 

[0 12 8] t09 (b) (CtSTX?!) ffi'ttftrx-'^b 
^c^«3. $SJ|E3 bCDg^^iS? 35^31 <^c^„ CCDit. « 

i^^^fc^. mMSb^ciiA^tifcB^^imLxi,, mm 



[0 1 2 9 1 itfc. msmmmtmm^c^ mmsbo) 

m^m^^Kii^^<x^. ^^-y'^-xmtLxB 

[0 130] ( c) CCSTX^D LT0M4 4^ 

lO^^cm-'l^T. mm^^^O. 3 Mmi^TOaM^i-^^ 
;H15^xft57+^'i^;b^S:g$if CCDxf^+i^t 

rmatBt^&x^ritj:i^j:':)(,cLXi.^^ctt^^. m 
ffi^ 1- toi/Ji 5 B ©S£;ti{€|5S±-r 6 c i ^^r 1 5 . 
[0131] Cia 1 0 ( a ) tC^TXS] y^h 
\ iS ^^l^-C^® 5=- ^^}\^m 5 CD±CDB^^Mi#C L T 0 
ili45^iegL. cn*-7;^>7iL.-CN (S^) ^On 
S:T^^!ia^W^:^'>aALT, n*Sy-x$Ife54%m 

T^o c<Dc!:t6DH'=f>aA^mi. mi^imm 

[0132] CSIO (b) tC^^XflD ^br. LT 

^^^^ y\ym 5 0±(DB^lE^Ii^tC L T O ii 4 6 ^i5M L . 
cn^^;^^>i UTpM:^*«^?r-i'^>aAl/. pM-^ 

1 0 <t pS-<-:^Mt|c3 ^(Dnm^Wmt'itti 
[0133] COS. ^1 4tc^-rXfl^ife-l±{^. *3I 

sa?5^ccfet:f ^^asy^^••7-Mo s f e T:!^^^^-r-Bc 

[0134] CCOJ:^CC. A 1 €r F->'^'> h thT ^MiS 
3 a ^ :t AT' I ^ X b* ^ ^ ex ;V J5;:^tc cfc o 
rff^^L/cti^. S:^ccp^-^^xm!£3c?:)^®K^j:S 

?i5JSii^i8io?Am?&^i#^n-s/cttr3:c< , a i ^ F--^^' 

[0135] (^SUMJB^) *:^fefl5S§tJII43IMJ 
,^tc*5t:f n "MX t'M 2 a cT^iS^fl^^M U j^c ^>(D 
r'$)^o g£-:>T, 04^]te^S<!:M?:c^a5^CCOl^r© 

[0136] CHll (a) ^.C^TXfMD ^4^j5S0®. 
^C^n^f^HS (a) tC^TXgiPIIiOXIi^SaL. M 
t|c3 a?:1g^-r5>p- ^ 4 0 ?:x f i^:^-i^^;U^S$ 

[0137] call (b ) CC^rxflD LTO 
KBl^^Iib, y * Fx :;^>^'&Ccfc^5/^•:$^-x>>7' 
[0138] CH 1 1 ( c ) ^c.^rxfiD iH^r . At 
>iiA<DI^CC-7::^^cb0rffll'*feLTOSl5 i^r^i 

1400-1500 "CCD]gSTaA^n/c:i^$iB4?9(D 
rg14f t^^^Lfl^tf 30: 1 \ n M :t >:0^aA 
*>C^rp§y-<-X$Sl|c3a>2gmM?:JF^iK$it. n.Ml 
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[0139] comt. mAmimmmtmm(^cm9 

( a ) - { c ) tC^TXg. H 1 0 ( a ) . ( b ) CC^ 

SF ETt^%}&th. 

[0 1 4 0 ] CCD<t^^, ^^>ftA^J:oTn-MJl 

^om^ < (D«a^cK«3&^i£:^ cb $ n ^xg^^Bg-r ^ lo 

[m2] H Uc^f :7*U--:^M>^W-MOSFETCDK 

iix^^^-rnir'^^^ 

[114] ||3^«^^.ic4bnt^::7"l--:^M^^*7-MOS 20 

[Mb] 1^4{e:**r::7•lx-:^M>^^'7-MOSFET0DS 
itXg=l:^TiaT^-E>. 
[0 6] 0 5 (^cm< 'fXy-'rm^^'7-MO SEE T(7)S 

[07] ^4*J^5i^^CcfcC'^^•7'W-:^M/^•7-MOS>K 



: FETOM^ft^^-rS-Ci^o 
[@8] mi ^CfrkTy^iy-'t^^^O-MOSFETOM 

iixg^^-r0-c^>'So 

[^9] 08CCJ^< :7'l/-:^M^^•7-MOSFETC0S 
[010] 09tCj^< y'ly-i^m^^'y-MOSFETO) 

[mi I] m5mm^Mic:i6\.i^y'u-i^m^^o-uo 
s¥ ETomMnm^^-rmv^^. 

MO S F E T^^-rB?fS0t!«>'&„ 
[HI 3 ] ^1 2CCfr^ty'l^-tM^^y-MOSFET 

[014 101 3l^cm<y'\y-tM^^y-MOSFEl 

<D$?iSXS^^-r0r'^^o 

[01 5] 01 4iCJ^< :7*U--:hM>'^'7-MOSF ET 

©s^x?i^^-r0-c^ ^> . 

[016] B <^Kc3>) <z>J£tStg^$<t:^^f«4*5?®*o:/P 
-<-;^^IJS, 3 a-A 1 35^aA$nfc^im. 3b-B:()^ 

1 o-v-;?^^@. 1 1 - F w-^^vmSo 
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